Abstract
Introduction
Menarche is a woman's first menstruation, an event that indicates sexual maturation and the beginning of reproductive life. Age at menarche is determined by multiple factors such as nutritional status, ethnic or racial background, birth weight, and mother's age at menarche, among others 1, 2, 3, 4 .
Socioeconomic status has also been postulated as a determinant of age at menarche. According to previous studies, among girls from lower socioeconomic strata, menarche is delayed by exposure to adverse environmental and nutritional factors during early childhood or even deficient nutrition during adolescence 5, 6, 7, 8, 9 . However, other studies indicate that among lower socioeconomic strata, menarche may occur earlier because rates of obesity and overweight are higher in such groups 10, 11 . Available information on the relationship between socioeconomic context and age at menarche is therefore contradictory, and further research is thus needed on this topic. To study this relationship, the target population's socioeconomic characteristics must be considered.
The current study was conducted in the Araucanía Region, the second poorest region in Chile. Twenty percent of the inhabitants live in poverty, and 30 percent in rural areas. Importantly, the region also has the largest proportion of indigenous inhabitants in Chile; this population is generally more socioeconomically disadvantaged 12 .
Studies have shown that the relationship between socioeconomic status and age at menarche is based on nutritional factors 9, 10, 11 . Lifestyle changes in recent decades have led to an obesogenic environment which could result in earlier pubertal development and younger age at menarche 13 . In Chile, higher obesity prevalence has been reported among Mapuche (indigenous) as compared to non-Mapuche girls, and this trend is increasing 14, 15 . Meanwhile, menarche reportedly occurs later in Mapuche girls 16 . One of the factors for this delay is believed to be the socioeconomic conditions in which Mapuche girls grow and develop.
The current study aimed to analyze the relationship between socioeconomic status and age at menarche among adolescents in the Araucanía Region in Chile, controlling for ethnicity (Mapuche versus non-Mapuche) and other possible confounding and interactive factors.
Material and methods
This cross-sectional study was carried out in the Araucanía Region of Chile from 2007 to 2010. For the study, 168 public schools located in 26 counties (of a total of 32; six were excluded because they lack an indigenous population) were randomly selected. These establishments constitute 80% of the schools with the highest concentration of indigenous students. In each school, all girls 8 to 16 years of age who participated voluntarily were interviewed. This group consisted of 8,624 adolescents, or 98% of all the female students.
Screening used an interview that included questions on date of menarche and parents' last names. Girls who had experienced menarche in the three months prior to the interview were selected (207 indigenous and 200 non-indigenous adolescents). Last names were used to identify ethnicity. A recent study had identified and validated more than 7,000 Mapuche surnames, which were used as the reference 17 . Girls with three or four Mapuche surnames were defined as Mapuche, while those whose mother and father had Spanish surnames were defined as nonindigenous. Adolescents with non-Spanish surnames or for whom one parent's surname was not known were excluded from the study.
A home interview was also conducted to determine the socioeconomic characteristics of each subject's family. Socioeconomic status was defined with a matrix that included the head of household's educational level (no schooling, incomplete primary school, complete primary, incomplete secondary, complete secondary, incomplete vocational, and university) and household assets (shower, color TV, refrigerator, washing machine, water heater, microwave oven, car, cable or satellite TV, computer, Internet access), according to a socioeconomic classification that has been widely used and validated in Chile 18 . Factors included in this classification are relate to family income, cultural level, and accumulated wealth. The matrix divides the population into five socioeconomic strata (ABC1, C2, C3, D, and E). Due to study sample's characteristics, strata ABC1, C2, and C3 were grouped into the middle socioeconomic status (importantly, there was only one subject from stratum ABC1), stratum D was classified as lower middle, and stratum E as lower socioeconomic status.
The students' height and weight were measured. Height was measured with an anthropometer, accurate to 1mm, and weight was measured with a digital scale (Seca, Hamburg, Germany), accurate to 100g. Subjects wore light clothing and no shoes while measurements were taken. The instruments were calibrated regularly. The procedures were performed by trained nursemidwives with ongoing quality control of data in accordance with internationally recommended standardization techniques for anthropometric measurements 19 . Body mass index (BMI) at menarche was estimated using data collected in the anthropometric evaluation. The National Center for Health Statistics/Centers for Disease Control and Prevention (NCHS/CDC) references 20 were used to classify the adolescents as normal weight with BMI from the 10 th to the 84 th percentiles, overweight with BMI from the 85 th to the 94 th percentiles, and obese with BMI was equal to or greater than the 95 th percentile. The NCHS/CDC tables were used because the Chilean Ministry of Health recommends this reference for evaluating the nutritional status of children 6 to 18 years of age and because other updated tables such as that of the World Health Organization (WHO), proposed in 2007 21 , have not been widely used or validated in Chile.
The study used double data entry with Epidata (Epidata Association, Odense, Denmark), while data processing used SPSS 18.0 (SPSS Corp., Chicago, USA). Univariate and multivariate models were used for the analysis.
Initially, the means were compared using ANOVA to verify statistical differences, and univariate associations were analyzed between the different independent variables (socioeconomic status, ethnicity, BMI, and nutritional status at menarche and mother's age at menarche) and girl's age at menarche as the dependent variable. In the multivariate analysis, the relation-ship between socioeconomic status and age at menarche was verified, controlling for ethnicity, overweight and obesity (both in the same variable) at menarche and mother's age at menarche, through linear regression with prior confirmation of the normal distribution of residuals using the Shapiro-Wilk test.
The study was approved by the Research Ethics Committee of the School of Medicine at the Universidad de Chile. Prior to participating in the study, the girls and their mothers signed informed consent forms.
Results
A total of 407 cases were analyzed, of whom 51% were indigenous girls. The indigenous group consisted predominantly of adolescents from the lower socioeconomic stratum (slightly more than half), followed by the lower-middle stratum (38%). In the non-Mapuche group, 46% belonged to the middle stratum and 43% to the lower-middle stratum. Thus, the lowest stratum consisted mostly of Mapuche girls, while the middle stratum included mainly non-Mapuche girls (Table 1) .
Menarche occurred three months later in the Mapuche as compared to non-Mapuche girls (p = 0.006). The indigenous group showed a gradient for age at menarche that was dependent on socioeconomic status; menarche occurred six months later in the lower as compared to middle socioeconomic stratum (p trend = 0.012). The non-Mapuche group also showed a gradient, but statistically insignificant (p trend = 0.165). Mean maternal age at menarche was six months greater than for the daughters, with a significant difference in both ethnicities (p < 0.001). No relationship was detected between maternal age at menarche and socioeconomic status, nor were there any differences according to ethnicity (p = 0.12). BMI at menarche was 1 point higher in Mapuche girls (p = 0.002) than in their non-Mapuche peers, while neither ethnic group showed differences in BMI according to socioeconomic status (Table 1) . Concerning nutritional status, 34.3% and 9.7% of Mapuche girls presented overweight and obesity, respectively, as compared to 18% and 10%, respectively, in the non-Mapuche group. Neither group showed an association between socioeconomic level and nutritional status.
The study showed significant interaction between socioeconomic status and ethnicity, so the linear regression was performed separately for each ethnic group. Among non-Mapuche girls, neither the adjusted or unadjusted model showed a significant association between age at menarche and socioeconomic status. In the Mapuche group, age at menarche in the lowest socioeconomic stratum was nearly six months higher than in the highest socioeconomic stratum in the unadjusted model and 5.4 months higher in the adjusted model (p < 0.05). Menarche also occurred later in the lower-middle as compared to middle stratum in both ethnic groups, but without statistical significance (Tables 2 and 3) . Table 1 Characteristics of the study population according to ethnicity and socioeconomic status. Araucanía Region, Chile, 2007-2010. Calculations were performed using the middle socioeconomic stratum as the reference.
* Adjusted for overweight and obesity (grouped) at menarche and mother's age at menarche. Table 3 Age at menarche according to socioeconomic status in non-indigenous girls (adjusted and unadjusted models Calculations were performed using the middle socioeconomic stratum as the reference.
* Adjusted for overweight and obesity (grouped) at menarche and mother's age at menarche.
In the latter analysis, excess weight (overweight and obesity) was associated with four months' earlier age at menarche in Mapuche girls and eight months in non-Mapuche girls (p < 0.01).
Discussion
This study showed an inverse relationship between socioeconomic status and age at menarche in the indigenous population only; in other words, lower socioeconomic status was associated with a delay in menarche in the Mapuche population, regardless of the girl's nutritional status or mother's age at menarche. Overweight and obesity were also determining factors in early menarche, and menarche occurred earlier than in the previous generation.
The association between age at menarche and socioeconomic status in this study was similar to that found by Roman et al. 9 , who used a socioeconomic stratification system that also included schooling and household assets. In both studies, menarche occurred significantly later among girls in the lower socioeconomic stratum. Importantly, other studies corroborate the current study's findings, despite differences in the socioeconomic classification systems 5, 7, 8, 22 . However, the current study's findings disagree with others from Chile three years ago and those of studies in other countries, possibly due to the use of different methodologies to define socioeconomic status, based on indirect and/or aggregate information, or because the study populations were more socially heterogeneous.
According to this study, menarche occurs earlier among contemporary Chilean girls as compared to their mothers. This trans-generational shift has already been documented in Chile and is known as the secular trend in age at menarche, a phenomenon also found in the United States, elsewhere in Latin America, and Europe 23, 24, 25 . Studies in Germany and Turkey indicate that age at menarche has stabilized, which may be evidence that optimal conditions for pubertal development were reached several years ago 26, 27 . This situation has still not been reached in countries undergoing a rapid epidemiological transition and/or in an intermediate development phase, such as Chile and Mexico 28, 29 . Brazilian studies indicate that the secular trend in age at menarche is more intense in lower as compared to higher socioeconomic strata (in the latter, the trend has also tended to stabilize) 22 . In the current study, all socioeconomic strata showed significant differences in the girls' age at menarche compared to that of their mothers, suggesting that stabilization is still a long way off, at least in the highest socioeconomic stratum.
No association was found between current socioeconomic status and mother's age at menarche, possibly because socioeconomic status was defined in the present as opposed to SES at the time of the mother's menarche. Current socioeconomic status does not represent the social conditions that prevailed decades earlier, when the mothers experienced menarche. This finding is interesting, possibly suggesting that socioeconomic differences between these groups were not so evident in the past. Chile has experienced a decrease in the number of people living in poverty in recent decades, but this trend has not been identical for all socioeconomic strata or ethnic groups. Socioeconomic development has not reached the same level among indigenous people as compared to the non-indigenous population 30 .
The study also corroborated that overweight and obesity contribute to earlier menarche. Interestingly, Mapuche adolescents experienced menarche three months later than their nonMapuche peers, and BMI at menarche was also significantly higher. According to multivariate analysis, ethnicity does not appear to be a significant determinant of age at menarche; rather, delayed menarche is primarily due to the Mapuche people's adverse socioeconomic conditions. Age at menarche may thus be considered a possible indicator of socioeconomic development, as suggested by other studies 5 .
Nutritional status has been postulated as a factor connecting socioeconomic status to age at menarche. Thus, according to studies in Brazil, children with high socioeconomic status showed higher overweight and obesity rates, coinciding with earlier pubertal development. The effect of excess weight has also been reported by studies in Chile, showing that girls with low socioeconomic status were more likely to have excess weight and earlier menarche 9, 10 . The current study found no significant differences between socioeconomic levels and BMI or nutritional status, so there may be other factors connecting socioeconomic status and age at menarche. Studies in Africa have suggested that malnutrition in early childhood can delay pubertal development, menarche, and other growth processes 31 . It is unlikely that this would explain the findings among girls in the current study, since nutritional status during early childhood is adequate in Chile, and malnutrition is rare among children under six years of age 32 .
The study's limitations include the diverse social composition of the two ethnic groups, since indigenous socioeconomic conditions are quite different from those of the non-indigenous population. Indigenous Chileans belong primarily to the lower middle and lower socioeconomic strata, while non-indigenous belong mostly to the middle and lower-middle strata.
Another limitation was that the sample (regardless of ethnicity) was concentrated mainly in classes C2, D, and E, the three lowest socioeconomic categories. If the study population had been more representative of the middle and upper strata, differences in age at menarche between adolescents from the lowest and highest strata would probably have been more pronounced. However, the socioeconomic profile of the Araucanía Region does not allow for a more socially heterogeneous sample. Another weak point in the study was the retrospective collection of data on mother's age at menarche, an event that would have occurred about 20 years earlier. Recall bias by mothers is likely, thus influencing the results, with imprecise time of menarche (even though this would apply to both ethnic groups).
The study's strengths included directly obtaining the girls' precise age at menarche (exact date) and corroborating it with their mothers, so that the study only included girls who had experienced menarche in the three months prior to the interview. Another advantage was the collection of reliable information on household assets and parental schooling through the family survey and the use of a socioeconomic stratification system previously validated for the Chilean population. Finally, data were gathered by university graduates who had undergone previous training and were constantly supervised during the fieldwork.
Complementary research could examine the relationship between socioeconomic status and age at menarche in a more heterogeneous population in order to compare the results in different socioeconomic strata. Meanwhile, such studies could help elucidate the mechanisms by which socioeconomic conditions influence age at menarche. Thus far, the evidence supports the important role of nutritional factors both before and during puberty. 
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